Scientific ESCALAB 250 spectrometer with AI Kα radiation as the excitation source. Binding energies for the high resolution spectra were calibrated by setting C 1s to 284.6 eV. Fourier transformed infrared (FT-IR) spectra were recorded with a Nicolet IS10 FT-IR spectrometer. The concentration of elements was measured on inductively couple plasma optical emission spectroscopy (ICP-OES, Agilent Technologies).
Raman spectrum were collected using a Renishaw in-Via Raman microprobe equipped with a Leica DM 2500 M microscope system. Raman spectrum were excited by a 523 nm diode-pumped laser at a resolution of 4 cm -1 in the range between 100-4000 cm -1 . Table S1 . Electrochemical activity comparison of three samples.
Electrochemical measurements:
Ms [1] : Mass loading of catalyst (mg cm -2 ); η on [2] : Onset overpotential (mV);
Overpotential of current density at 10 mA cm -2 (mV);
b [4] : Tafel slope derived from LSV (mV dec -1 );
Cd [5] : Double layer capacity at non-faradic region (mF cm -2 ); Table S2 . HER performances comparison of recent electrocatalysts in alkaline medium (1.0 M KOH). Ms [1] : Mass loading of catalyst (mg cm -2 ); η on [2] : Onset overpotential (mV); η 10 [3] : Overpotential of current density at 10 mA cm -2 (mV); b [4] : Tafel slope derived from LSV (mV dec -1 );
TOF [5] : Turnover frequency (s -1 ).
Note: NA means no available.
